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�:r�7Hë�H\�"f��HÛ¼�]6/BG���(sweep surface)̀�¦l�ìøÍÜ¼�Ð4�¤ú̧�ô�Ç 3	�"é¶Óüt�̂_�+þA�©��̀¦���+þA
���HDh�Ðî�r��Ä»+þA�©�
���+þA(free-form deformation)l�ZO��̀¦]jr�ô�Ç��.�:r�7Hë�H\�"f]jr�ô�Ç~½ÓZO��Érl��>r_������&h�(control lattices)̀�¦ �̧
&ñ

���H �̂&h�l�ìøÍ_�~½ÓZO�\�q�K�Û¼�]6l�ìøÍ_�]X�	�&h� (procedural)�̧4Sqa�Al�ZO�_�f���'a$í
�̀¦�Ö̧6 x
�#���6 x��\�
>��Ð�� ò́Ö�¦&h����+þA�©����+þAl�ZO��̀¦]j/BNô�Ç��. 3	�"é¶Óüt�̂_�&ñ
&h�[þt�ÉrÛ¼�]6/BG���_�éß����(cross-section)\������
ç̀
(binding)÷&#Q/BG���_�����o\�����+þA�©����+þA�̀¦ô�Ç��.�:r�7Hë�H\�"f]jr�ô�ÇÛ¼�]6l�ìøÍ+þA�©����+þAl�ZO��Ér 3	�"é¶
Óüt�̂\�¦ÂÒì�r&h�Ü¼�Ð���+þA
���Hl�ZO�õ�>�8£x½̈�̧\�¦l�ìøÍÜ¼�Ð���ìøÍ&h����+þA�©��̀¦���+þA
���Hl�ZO�Ü¼�Ð ½̈ì�r�)a��.ÂÒ
ì�r&h����+þA�©����+þAl�ZO��ÉrÛ¼�]6/BG����̀¦ ½̈$í

���H$í
ì�r_���éß�>�(multi-level)³ð�&³�̀¦:�x
�#���6 x��\�>���×�æK�
�©��̧(multi-resolution)+þA�©����+þAl�0px�̀¦]j/BNô�Ç��.>�8£x½̈�̧\� l�ìøÍô�Ç+þA�©����+þAl�ZO��Ér4�¤ú̧�ô�Ç 3	�"é¶Óüt�̂\�¦
0A�©�½̈�̧\�����#��Q>�8£xÜ¼�Ðì�r½+É
��¦,y��ÂÒì�r_�+þA�©��̀¦��H��
���HÛ¼�]6/BG���[þt�̀¦Òqt$í
ô�Ç��.ì�r½+É�)ay��ÂÒ
ì�r_�&ñ
&h�(vertices)[þt�ÉrK�{©�Û¼�]6/BG���\������ç̀
÷&#QÛ¼�]6/BG���_�éß����_�����o\�¦��ØÔ>��)a��.s��Qô�Ç�©�S!�
�
\�"fÛ¼�]6/BG���[þt�Ér 3	�"é¶Óüt�̂_�>�8£x½̈�̧\�����"f"f�Ð�©� ñ���6 x(interaction)̀�¦
�>�÷&�¦,���õ�&h�Ü¼�Ð 3	�
"é¶Óüt�̂_�y��ÂÒì�r�Ér�©� ñìøÍ6£x&h�+þA�©����+þA�̀¦ô�Ç��.s��Qô�Ç>�8£x½̈�̧\� l�ìøÍô�Ç�©� ñìøÍ6£x&h�+þA�©����+þAl�ZO��Ér
��6 x��_�_��̧\�ÂÒ½+Ë
���H�Ð����z�́&h�s��¦l�0px&h����+þA�©����+þA�̀¦��0px
�>�ô�Ç��.�:r�7Hë�H\�"f��H���ª�ô�Ç 3	�
"é¶Óüt�̂\�@/ô�Çz�́+«>�̀¦:�xK�]jr��)a~½ÓZO�_� ò́Ö�¦$í
�̀¦{9�7£xô�Ç��.

1. "�Òeµ

��Ä»+þA�©����+þA(free-form deformation)l�ZO��Ér#��Q��t����Ér
�̧4Sqa�A l�ZO��̀¦ :�x
�#� ëß�[þt#Q��� 3	�"é¶ Óüt�̂\� @/K� {9��'a�)a
+þA�©����+þA�̀¦ t�"é¶
���H ò́õ�&h���� l�Õüt�Ð"f (��ÉÓ'�ÕªA�i��Û¼

ì�r��\�"f Sederbergü< Parry [1]\� _�K� %�6£§ �è>h÷&%3���.{9�
ìøÍ&h�Ü¼�Ð FFD��H s�p� �>rF�
���H 3	�"é¶ Óüt�̂\�¦ Ñüt�Q����H �̂¦
µ¢§�̀¦ ½̈$í

��¦,Õª �̂¦µ¢§�̀¦���+þA�<ÊÜ¼�Ð+� 3	�"é¶Óüt�̂_�+þA�©�
�̀¦���+þAr������.ìøÍ���\�Û¼�]6�Éréß����/BG����̀¦&ñ
_�
��¦,r�çß�\�
���Ér éß����/BG���_� /BNçß��©�_� 0Au�ü< ~½Ó�¾Ó(orientation)̀�¦ "î
r�

�#� 3	�"é¶Óüt�̂\�¦ �̧4Sqa�A
���HB�Äºf���'a&h���� �̧4Sqa�Al�Õüt
�Ð·ú��94Re����.�:r�7Hë�H\�"f��Hs��Qô�Ç]X�	�&h�(procedural)�̧
4Sqa�A l�Õüt_� �©�&h��̀¦ +þA�©����+þA\� &h�6 x
�#� 4�¤ú̧�ô�Ç 3	�"é¶ Óüt
�̂_� +þA�©��̀¦ ���+þAr�v���H Û¼�]6l�ìøÍ ��Ä»+þA�©����+þA l�ZO��̀¦ ]j

r�ô�Ç��.�:r�7Hë�H\�"f]jr�
���H~½ÓZO��Érß¼>���×�æK��©��̧_����
+þA�̀¦t�"é¶
���H²DG�è&h����+þAl�ZO�õ�>�8£x&h� ½̈�̧\�¦°ú���HÛ¼�]6

/BG���\�l�ìøÍô�Ç�©� ñìøÍ6£x&h�+þA�©����+þAl�ZO�Ü¼�Ð ½̈ì�r�)a��.��
×�æK��©��̧\�¦t�"é¶
���H²DG�è&h����+þAl�ZO��ÉrÛ¼�]6/BG���õ� 3	�"é¶
Óüt�̂_�ÂÒì�r&h����B�>h�o\�¦:�xK�,/BG���õ�_���o�\�l�ìøÍ
�#�
3	�"é¶Óüt�̂\�&h�]X�ô�Ç���+þA��×�æu�(influence weight)\�¦ÂÒ#�
�
#� ²DG�è&h���� +þA�©����+þA�̀¦ ô�Ç��. ¢̧ô�Ç s� ~½ÓZO��Ér Û¼�]6/BG���_�

½̈$í
$í
ì�r\� @/ô�Ç ��×�æK��©��̧ ³ð�&³�̀¦ :�x
�#� ��×�æK��©��̧ +þA

�©����+þA�̀¦t�"é¶ô�Ç��. �̂¦µ¢§l�ìøÍ_� FFDl�ZO�[þt( [1], [2], [3])\�
"f ��6 x����H /BNçß��©�_� �����&h�[þt�̀¦ �̧&ñ

�#� Óüt�̂_� +þA�©��̀¦

���+þAô�Ç��.�íl� �����&h�_� ½̈�̧��H î̈
'��¹¢¤����̂�Ð ]jô�Ç÷&%3�Ü¼
��, Coquillart [2]ü< MacCracken [3]̀�¦:�xK�e��_�_�+þA�©�õ�0A
�©�½̈�̧\�¦°ú��̧2�¤SX��©�÷&%3���.Õª�Q��s��Qô�Ç~½ÓZO�[þt�Ér��6 x
���� "é¶
���H +þA�©����+þA�̀¦ %3�l� 0AK�"f��H #����y� f���'a&h�s�t�

3lwô�Ç éß�&h��̀¦ ��t��¦ e����.�:r �7Hë�H\�"f��H ]X�	�&h� �̧4Sqa�A l�
ZO�_�f���'a$í
�̀¦þj@/ô�Ç�Ö̧6 x
�#���6 x��\�>��Ð��~1��¦¼#�o�

ô�Çl�0px�̀¦]j/BN
���H+þA�©����+þAl�ZO��̀¦]jr�ô�Ç��.���+þA|̈cÓüt�̂
_�+þA�©��̀¦��H��
���HÛ¼�]6/BG���\�Óüt�̂_�&ñ
&h�[þt�̀¦�����ç̀
ô�Ç

Êê,Û¼�]6/BG����̀¦ ½̈$í

���H$í
ì�r[þt�̀¦1lqwn�&h�Ü¼�Ð���+þA
�#���
6 x����_��̧
���H+þA�©����+þA�̀¦%3��̀¦Ãºe����.ÕªaË> 10��H 3	�"é¶
bunny�̧4Sq_�)
ÂÒì�r�̀¦��H��
���HÛ¼�]6/BG����̀¦���+þAô�Ç���õ�[þt
s���.l��>r_� FFD~½ÓZO�[þt\�"f�����&h�[þt�Ér 3	�"é¶/BNçß��©�\�"f
½̈�̧ü<0A�©�_�]j���Ü¼�Ð���K�>�8£x&h���� ½̈�̧\�¦°ú���H��s�B	כ

Äº#Q�9�°?��.�:r�7Hë�H\�"f��H4�¤ú̧�ô�Ç+þA�©��̀¦°ú���H 3	�"é¶Óüt�̂
\�¦>�8£x&h���� ½̈�̧\�¦°ú���H#��Q>h_�Û¼�]6/BG���[þt�Ð��H��
��¦

Óüt�̂_� 0A�©�½̈�̧\� ���� Û¼�]6/BG���[þt ��s�\� &h�]X�ô�Ç ]j����̧

|	��̀¦ ÂÒ#�
�#� �©� ñìøÍ6£x&h� +þA�©����+þA�̀¦ t�"é¶
���H l�ZO��̀¦ ]j

r�ô�Ç��.ÕªaË> 7_� teapot�̧4Sq�Ér body, spoutÕªo��¦ handle_�



>�8£x&h� ½̈�̧�Ð ½̈$í
÷&#Q e����. Teapot_� y�� ÂÒì�r�Ér v� éß����
/BG���[þt(key cross-sections)̀�¦�Ðçß�
���HÛ¼�]6/BG���[þt�Ð³ð�&³�)a
��.Û¼�]6/BG����̀¦ ���+þA\� ���� teapot_� @/6£x÷&��H ÂÒì�r_� +þA�©�
s����+þA�)a��.ÕªaË> 8�Ér body, spoutÕªo��¦ handleÂÒì�r_�Û¼�]6
/BG���[þts�"f�Ð�©� ñ���6 x\O�s�1lqwn�&h�Ü¼�Ð���+þA�)a���õ�s���.
ÕªaË> 11�Éry��ÂÒì�r_�Û¼�]6/BG���[þt��s�\�>�8£x&h� ½̈�̧\�¦°ú��¦
�©� ñìøÍ6£x&h�Ü¼�Ð���+þA�)a���õ�[þts���.ÕªaË> 11_� (b)\�"f�©�0A
>�8£x\� K�{©�
���H body_� ���+þA�Ér 
�0A>�8£x_� +þA�©��̀¦ ���+þA
�
�¦, (c)\�"f handle_�+þA�©����+þA�Ér�©�0A>�8£x��� body_�+þA�©����
+þA�̀¦ Ä»�̧
�>� �)a��.s�ü< °ú s� y�� Û¼�]6/BG���[þts� >�8£x&h� ½̈
�̧\�¦ °ú��¦ 0A�©�½̈�̧\� ���� �©� ñìøÍ6£x&h�Ü¼�Ð ���+þA÷&l� 0AK�

"f��Hy��Û¼�]6/BG���_�v�éß����[þts��©�0A>�8£x_�Û¼�]6/BG���\�&h�

]X�ô�Ç+þAI��Ð�����ç̀
÷&#Q��ô�Ç��.l��>r_� FFD~½ÓZO�[þt�Ð>�8£x
&h� ½̈�̧\�¦ °ú��¦ �©� ñ���6 x
���H +þA�©����+þA�̀¦ t�"é¶
�l� 0AK�"f

��H��6 x���������&h�_�y��&ñ
&h�[þt\�@/K����Ér&h�[þtõ�_��'a>�

\�¦"î
r�K���ëß�
���HB�Äº#Q§>��¦������Ðî�r���\O��̀¦K�ÅÒ#Q��

ô�Ç��.
�:r�7Hë�H\�"f]jr�ô�Ç~½ÓZO�_�ÅÒ¹כô�Ç:£¤fç
�Ér��6£§õ�°ú s¹כ����

|̈cÃºe����.

• â�
	��\� �¿D�fÿb� e��ä·�+ ÒÏ�®̧�Å]�£�· ÌfC(�×£o>ÌfC e�ß��Uc �̀Ë£� 

�ÐM���ËÂÌfC(�×£o>ÌfCe�ß��£�·V�ò5Ñ
��]���.

• â«ú×øכ��¢�>ø� 3	�xjS�ä·W��+ÉÙ&P��\�ê�>��ê�>þb�£�·§� 
�#b��

ä»B�(�×�¿��· m�xjS
�ÐM� �±��¿�\� ÌfC(�×£o>ÌfC e�ß��£�· V�ò5Ñ
�
�]���.

• N�¥� �\� &P�TÒ» Ä©�¿��· G±ØÐM� ¡�́O±Õø5� 3	�xjS �ä·W�Uc 7�
�#b
(�×¡õð5�£� �\�ÌfC(�×£o>ÌfCe�ß��£�·V�ò5Ñ
��]���.

�:r�7Hë�H�Ér�� Qt�ÂÒì�r�Ér��6£§õ�°ú s� ½̈$í
÷&#Qe����. 2]X�\�
"f��H��Ä»+þA�©����+þA(FFD)l�ZO�\�@/ô�Çs�������½̈[þt�̀¦�è>h
�
�¦, 3]X�\�"f��HÛ¼�]6l�ìøÍ_�]X�	�&h� �̧4Sqa�Al�ZO�_�:£¤$í
õ� �̧
4Sqa�A\V]j\�¦:�xK�+þA�©����+þAl�ZO�\�@/ô�Ç�Ö̧6 x��0px$í
\�@/
�

#�[O�"î
ô�Ç��. 4]X�\�"f��HÛ¼�]6/BG���õ� 3	�"é¶Óüt�̂_�ÂÒì�r&h����
�����ç̀
õ� ���+þA��×�æu�\�¦ :�xK� ��×�æK��©��̧\�¦ t�"é¶
���H ²DG�è

&h����+þA�©����+þAl�ZO�\�@/K���[jy�[O�"î

��¦, 5]X�\�"f��H4�¤
ú̧�ô�Ç 3	�"é¶ Óüt�̂\� @/
�#� >�8£x&h� ½̈�̧\�¦ °ú���H Û¼�]6/BG���_�
Òqt$í
õ��©� ñ���6 x�̀¦:�xô�Ç+þA�©����+þAl�ZO�\�@/K�[O�"î
ô�Ç��.Õª
o��¦ 6]X�\�"f��H�:r�7Hë�H\�"f]jr�ô�Ç~½ÓZO��̀¦:�xK�%3�#Q�����
�ª�ô�Ç +þA�©����+þA_� ���õ�[þt�̀¦ �è>h
��¦, =åQÜ¼�Ð 7]X�\�"f��H �:r
�7Hë�H_�����:r�̀¦ë�B��H��.

2. ®̧�Áo>¥o>Ä©

��Ä»+þA�©����+þAl�ZO�(FFD)[þt�Érß¼>������&h��̀¦s�6 xô�Ç �̂&h�l�
ìøÍ_�l�ZO�[þt( [1], [2], [3], [4], [5])õ�/BG���0A_�¹¡§f��s���Hýa
³ð>�(moving frame)̀�¦s�6 xô�Ç~½ÓZO�[þt( [8], [9], [10]) Õªo��¦
/BG����̀¦l�ìøÍÜ¼�Ðô�Ç~½ÓZO�[þt( [11], [12], [13], [14])�Ð ½̈ì�r�)a
��.
�̂&h�l�ìøÍ_� FFD��H Sederbergü< Parry [1]\� _�K� %�6£§ �è

>h÷&%3���. Sederbergü< Parry [1]��H î̈
'��¹¢¤����̂ +þA�©�_� �����
½̈�̧\�¦(lattices)\�¦ ��6 x
�#� ���+þA|̈c 3	�"é¶ Óüt�̂\�¦ Ñüt�Q����H
�̂&h�(volume)̀�¦ Òqt$í

��¦, Óüt�̂_� �̧��H &ñ
&h�[þt�̀¦ �̂&h�l�ìøÍ
Ü¼�Ð B�>h�o(parametrization)
�#� �����&h��̀¦ ���+þA�<Ê\� ����
Óüt�̂_� +þA�©��̀¦ ���+þA
���H ~½ÓZO��̀¦ ]jr�
�%i���. Sederbergü<

Parry [1]����6 xô�Ç î̈
'��¹¢¤����̂+þA�©�_������½̈�̧��HÃºu�&h�Ü¼
�Ðîß�&ñ
&h�s��¦ ò́Ö�¦&h����&ñ
&h�_�B�>h�o\�¦��0px
�>�
�t�ëß�,
���+þA|̈cÓüt�̂_�+þA�©�õ���Áº�������'a$í
�̀¦ÅÒt�3lwK���6 x��\�

>� f���'a&h���� +þA�©����+þA_� l�0px�̀¦ ]j/BN
�t� 3lw
���H ô�Ç>�$í
�̀¦

�Ð%i���. Coquillart [2]ü< MacCracken [3]��H î̈
'��¹¢¤����̂_� ���
��½̈�̧\�¦ ���+þA
��¦�� 
���H Óüt�̂\�¦ �¦�9
�#� e��_�_� +þA�©�õ�

0A�©�½̈�̧\�¦ °ú��̧2�¤ SX��©�
�#� ��6 x��\�>� ���+þA|̈c Óüt�̂_� +þA

�©�õ�Ä»��ô�Ç�����½̈�̧\�¦]j/BN
�%i���.Õª�Q�� Coquillart [2]ü<
MacCracken [3]��H&ñ
&h�_�B�>h�o\�¦0AK�Ãºu�&h���H��~½ÓZO��̀¦
��6 xÙþ¡l� M:ë�H\� îß�&ñ
$í
õ� >�íß�_� ò́Ö�¦$í
\� ô�Ç>�\�¦ ��t��¦

e����. Hsu [4]ü< Hu [5]�Ér ��6 x���������&h��̀¦ l�ìøÍÜ¼�Ð +þA�©�
�̀¦ ���+þA
���H @/��� Óüt�̂_� &ñ
&h��̀¦ f��]X�]j#Q
���H l�Õüt�̀¦ ]j

îß�
�%i���. &ñ
&h�_� ����o��H ���wn�~½Ó&ñ
d��_� K�ZO��̀¦ :�x
�#� @/
6£x÷&��H �����&h�_� ����o\�¦ Ä»�̧
�>� �)a��. Chang [8]�Ér ��Ä»
+þA�©����+þA�̀¦ 0AK� {9�ìøÍ�o�)a de Casteljau]X���HZO��̀¦ ��6 xK� /BN
çß��̀¦ ���+þA
���H ~½ÓZO��̀¦ ]jîß�
�%i���. ¢̧ô�Ç Lazarus [9]��H /BG���
\�l�ìøÍ
�#�¹¡§f��s���Hýa³ð>�\�¦��6 xô�Ç+þA�©����+þAl�ZO��̀¦]j

îß�
�%i���. Singh [10]��H Lazarus [9]_� ~½ÓZO��̀¦ SX��©�
�#� q�@/
g�A&h� +þA�©����+þA�̀¦ ��0px
�>� 
�%i���. s�ü< °ú s� /BNçß��©�_� /BG
��� 0A_� ¹¡§f��s���H ýa³ð>�\�¦ l�ìøÍÜ¼�Ðô�Ç +þA�©����+þA l�ZO�[þt�Ér

��6 x��\�>� �Ð�� f���'a&h���� l�ZO��̀¦ ]j/BN
�%i���. Feng [11]õ�
Chen [13]�Ér ÂÒ×¼XO�>� B�>h�o�)a /BG����̀¦ s�6 xô�Ç ��Ä»+þA�©����
+þA l�ZO��̀¦ ]jîß�
�%i��¦, Singh [12]ü< Cobayashi [14]��H éß�í�H
�o�)a Bj/'½̈�̧\�¦ ��6 x
�#� Óüt�̂_� &ñ
&h�[þt�̀¦ ���y��+þA Bj/'

_��©�@/&h�ýa³ð>��ÐB�>h�o
��¦&h�{©�ô�Ç��×�æu�\����� �̂¦E$�

ç̀
(blending)
�#�+þA�©��̀¦���+þA
���Hl�ZO��̀¦]jîß�
�%i���.s��Q
ô�Ç~½ÓZO�[þt�Ér �̧¿º/BG���\�l�ìøÍô�Ç~½ÓZO�[þt�Ð"f��6 x����H#����

y�/BG���<�Ê�Éréß�í�H�o�)aBj/'\�¦ �̧&ñ

���Hë�H]j&h��̀¦°ú�>��)a��.
Huaü<Qin [15]�ÉrÛ¼ºú���(scalar)�9�×¼(field)\�¦°ú���H/BNçß��̀¦ ½̈
$í

��¦Óüt�̂_�&ñ
&h�[þt�̀¦Û¼ºú����9�×¼_�YU6\�(level)°úכ\�����
B�>h�o
��¦,Û¼ºú����9�×¼_����+þA�̀¦:�xô�Ç+þA�©����+þAl�ZO��̀¦]j
îß�
��¦,���ª�ô�ÇÛ¼ºú����9�×¼\�¦Òqt$í

���H~½ÓZO��̀¦]jr�
�%i���.
�:r �7Hë�H\�"f ]jr�ô�Ç Û¼�]6l�ìøÍ_� +þA�©����+þA l�ZO��Ér ¹¡§f��s���H

ýa³ð>�\�¦ l�ìøÍÜ¼�Ðô�Ç ~½ÓZO�õ� /BG����̀¦ l�ìøÍÜ¼�Ðô�Ç ~½ÓZO�_� :£¤

$í
�̀¦ �Ö̧6 x
�#� ]X�	�&h� �̧4Sqa�A l�ZO�_� f���'a$í
�̀¦ +þA�©����+þA\�

&h�6 xô�Ç~½ÓZO�s����¦½+ÉÃºe����.

3. â«ú×øe�ð5��¿D�fÿb�e�ß��

Û¼�]6(sweep)\� l�ìøÍô�Ç �̧4Sqa�A�Ér ]X�	�&h�(procedural)l�ZO�Ü¼
�Ð"f 2	�"é¶ î̈
����©�_� éß����/BG���(cross-sectional curve)̀�¦ &ñ
_�

��¦,r�çß�\� ���Ér 0Au�ü< ~½Ó�¾Ó(orientation)̀�¦ "î
r��<ÊÜ¼�Ð+�
3	�"é¶Óüt�̂\�¦ �̧4Sqa�A
���Hl�Õüts���.s�ü<°ú �Ér]X�	�&h� �̧4Sq
a�A l�ZO��Ér ��6 x��\�>� B�Äº f���'a&h���� ~½ÓZO�Ü¼�Ð 3	�"é¶ Óüt�̂
\�¦³ð�&³
���H~½ÓZO��̀¦]j/BN
��¦, 4]X�_�&ñ
&h������ç̀
(vertex bind-
ing)õ� °ú �Ér l�
��<Æ&h� ë�H]jK�����̀¦ 0Aô�Ç ]X�	�&h� K�ZO��̀¦ ��0px

�>� ô�Ç��. {9�ìøÍ&h�Ü¼�Ð Û¼�]6/BG���_� éß����/BG����Ér 0Au�\� ��
�� ���ª�
�>� ���ô�Ç��. Chang [16]�Ér r�çß�\� ���� ���
���H B-
splineÜ¼�Ð ³ð�&³�)a 1px0A(contour)/BG����̀¦ ��6 x
�#� Û¼�]6/BG���
�̀¦ NURBS/BG���Ü¼�Ð ³ð�&³
�%i���.�:r �7Hë�H\�"f��H r�çß�\� ��
������o
���Héß����/BG����̀¦³ð�&³
�l�0AK�Û¼�]6/BG����̀¦d��(1)õ�
°ú s� B�>h�o
���H ~½ÓZO��̀¦ ]jr�ô�Ç��. d��(1)\�"f C(t)��H r�çß�
t\�"f_�éß����/BG��� Ot(θ)_�0Au�\�¦����?/�¦,'��§>= R(t)��Hr�
çß� t\�"f_� éß����/BG���_� ~½Ó�¾Ó�̀¦ �����·p��.éß����/BG��� Ot(θ)��H
tü< θ\����� r(θ, t)�ÐÅÒ#Qt���H ìøÍt�2£§�̀¦ ��t�>�÷&#Q ���ª�



ÕªaË> 1:Û¼�]6/BG���Ü¼�Ð �̧4Sqa�A�)a teapot_� spout.

ô�Ç+þA�©�_�éß�����̀¦³ð�&³
�>��)a��.

S(θ, t) = C(t) + R(t) ·Ot(θ)) (1)

=




x(t)
y(t)
z(t)


 +




r11(t) r12(t) r13(t)
r21(t) r22(t) r23(t)
r31(t) r32(t) r33(t)


·



r(θ, t) cos θ
r(θ, t) sin θ

0




Ot(θ)��ÂÒ×¼�Qî�r �̀/BG���s�÷&l�0AK�"f��Hd��(2)̀�¦ëß�7á¤K���
ô�Ç��.

{
r(0, t) = r(2π, t)
r′(0, t) = r′(2π, t), ∀t ∈ [0, 1]. (2)

¢̧ô�Ç,d��(1)�Ð&ñ
_��)aÛ¼�]6/BG���_� �̂&h�(volume)�Érd��(3)̀�¦s�
6 x
�#�çß�éß�
�>� ½̈½+ÉÃºe����.[6]

∫
A(t) < N(t), C ′(t) > dt (3)

d��(3)\�"f A(t)��H r�çß� t\�"f_� éß����/BG��� Ot(θ)_� V,�s�

\�¦ ����?/�¦, N(t)��H d��(1)\�"f '��§>= R(t)_� [j���P: \P�,
[r13(t) r23(t) r33(t)]

T
�̀¦ �����·p��. ÕªaË> 1�Ér 0A\�"f &ñ
_��)a

Û¼�]6/BG����̀¦ ��6 x
�#� �̧4Sqa�A�)a teapot_� spoutÂÒì�rõ� K�{©�
÷&��H ìøÍt�2£§ �<ÊÃº r(θ, t)\�¦ �����·p �.���s	כ �:r �7Hë�H\�"f��H
3	�"é¶ Óüt�̂\�¦ ��H��
���H Û¼�]6/BG����̀¦ Òqt$í

�l� 0AK� ��6£§õ�
°ú �Ér�Ðçß�(interpolation)~½ÓZO��̀¦��6 xô�Ç��.���$� 3	�"é¶Óüt�̂_�
ÅÒ¹כô�Ç +þA�©�����o�� {9�#Q����H ÂÒì�r[þt�̀¦ v� éß����(key cross-
section)[þt�Ð [O�&ñ
ô�Ç��. v� éß����[þts� ���&ñ
÷&��� y�� éß����[þt_�
×�æd��_�0Au�\�¦�Ðçß�
���H 3	� B-spline/BG��� C(t)\�¦Òqt$í

��¦,
v� éß����[þt_� ~½Ó�¾Ó�̀¦ �Ðçß�
���H 2	� 3$'�m��:r(quaternion)/BG
��� Q(t)\�¦ ëß�[þt>� �)a��. d��(1)_� R(t)��H &ñ
½©�o�)a Q(t)

‖Q(t)‖\�¦
��6 x
�#�Òqt$í
�)a��.Õªo��¦y��v�éß����[þt\�"f{9�&ñ
çß����Ü¼�Ð
θ\�����"fìøÍt�2£§_�U�́s�\�¦ ½̈
�#�, θü< t\������Ðçß�
�#�
r(θ, t)\�¦Òqt$í
ô�Ç��.��6 x����H�Ðçß�|̈cv�éß����[þt_�0Au�ü<~½Ó
�¾Ó Õªo��¦ éß����_� ìøÍt�2£§�̀¦ �̧]X��<ÊÜ¼�Ð+� ���ª�
�>� ���+þA�)a

Û¼�]6/BG����̀¦ %3�>� �)a��. ¢̧ô�Ç Û¼�]6�̀¦ ½̈$í

���H v� éß����[þt�Ér
s����v�éß����\�@/ô�Ç�©�@/&h����0Au�ü<~½Ó�¾Ó&ñ
�Ð\�¦Ä»t�ô�Ç��.
s��Qô�Ç >�8£x&h� ½̈�̧\�¦ s�6 x
���� +þA�©����+þA\� e��#Q"f :£¤&ñ
ô�Ç

v� éß����_� ����o��H 
�0A v� éß����[þt_� 0Au�ü< ~½Ó�¾Ó\� %ò
�¾Ó�̀¦

×�¦Ãºe����.ÕªaË> 2_� (a)��HÛ¼�]6/BG���Ü¼�Ð �̧4Sqa�A�)a����̂+þA�©�
_�3lu:�xÂÒì�r�̀¦ ����?/�¦, (b)��H Û¼�]6/BG���_�[j���P:v� éß����
ëß��̀¦�r���
�#�/BG����̀¦���+þAô�Ç���õ�s���.ÕªaË> 2�ÉrÛ¼�]6l�ìøÍ
_� ]X�	�&h� �̧4Sqa�A l�ZO�_� f���'a$í
�̀¦ ú̧� �Ð#�ÅÒ��H \V���¦ ½+É

Ãºe����.

ÕªaË> 2: Û¼�]6l�ìøÍ_� �̧4Sqa�A x9� ���+þA: (a)Û¼�]6/BG���Ü¼�Ð
�̧4Sqa�A�)a ����̂+þA�©� /BG���, (b)[j ���P: v� éß����ëß��̀¦ ���+þA
�#�
%3�#Q���Dh�Ðî�r+þA�©�.

4. �±��¿�\���
ä»B�(�×�¿£o>ÌfC

ÕªaË> 2\�¦ :�xK�"f Û¼�]6/BG����Ér B�Äº f���'a&h���� �̧4Sqa�A l�Õüt�Ð
�Ö̧6 x|̈c Ãº e������H �¦̀�	כ �Ð��¤��. #�l�"f��H s��Qô�Ç f���'a&h����
�̧4Sqa�A l�Õüt�̀¦ ²DG�è&h���� +þA�©����+þA\� �Ö̧6 x
���H ~½ÓZO�\� @/K�

[O�"î
ô�Ç��.

4.1 Ça��\��+í5�¢�>��ê�>þb�(cross-sectional binding)

Û¼�]6\� l�ìøÍô�Ç +þA�©����+þA�̀¦ 0AK�"f��H ���$� 3	�"é¶ Óüt�̂_� y��
&ñ
&h�[þt�Ér Û¼�]6/BG���_� éß����\� �����ç̀
 ÷&#Q�� ô�Ç��. {9�ìøÍ&h�
Ü¼�Ð /BNçß��©�_� ô�Ç &h� vi\�¦ /BG��� S(u, v)\� �����ç̀
 
���H ��Ér	כ
d��(4)ü< °ú �Ér ¿º >h_� ���Ãº�Ð ½̈$í
�)a q����+þA ���wn�~½Ó&ñ
d��_�
K�\�¦ ½̈K���ô�Ç��.





< vi − S(u, v), ∂S
∂u (u, v) > = 0

< vi − S(u, v), ∂S
∂v (u, v) > = 0

(4)

Õª�Q��Û¼�]6/BG���_��â
Äº,]X�	�&h� �̧4Sqa�Al�ZO�_�:£¤$í
�̀¦�Ö̧6 x

���� d��(4)̀�¦ tü< θ\� �'aô�Ç 1lqwn��)a ¿º >h_� q����+þA ~½Ó&ñ
d��[þt
�Ð ì�ro�
�#� Ãºu�&h� îß�&ñ
$í
õ� >�íß�_� ò́Ö�¦$í
�̀¦ %3��̀¦ Ãº e��

��.ÕªaË> 3\�"f/BNçß��©�_�ô�Ç&h� vi\�@/
�#������ç̀
 |̈céß����_�

����p�'� ti\�¦d��(5)\�¦s�6 x
�#� ½̈ô�Ç��.

< vi − C(ti), N(ti) >= 0 (5)

d��(5)̀�¦:�xK� ti\�¦ ½̈
����d��(6)̀�¦s�6 x
�#�éß����_�R(ti)ýa³ð
>�\�¦l�ï�rÜ¼�Ð³ð�&³�)a vi_��©�@/ýa³ð v̂i�̀¦ ½̈ô�Ç��.

v̂i = R(ti)T (vi − C(ti)) (6)

vi_�ýa³ð�� ½̈K�t����, θi = tan−1( ˆvi,y

ˆvi,x
)\�¦ ½̈
��¦,Û¼�]6/BG���

Ü¼�ÐÂÒ'�_���o� di��Hd��(7)̀�¦:�x
�#� ½̈ô�Ç��.

di = ‖v̂i‖ − ‖S(θi, ti)− C(ti)‖ (7)

����"f, 3	�"é¶ Óüt�̂_� �̧��H &ñ
&h�[þt�Ér �����ç̀
 ����p�'�

(θi, ti, di)\�¦ ��t�>� ÷&�¦,���+þA�)a Û¼�]6/BG���Ü¼�ÐÂÒ'� Dh�Ðî�r



ÕªaË> 3: 2éß�>�&ñ
&h������ç̀


ÕªaË> 4:���+þA��×�æu��<ÊÃº

0Au���Hd��(8)̀�¦��6 x
�#����&ñ
�)a��.

vi = C(ti) + R(ti)




(r(θi, ti) + di) · cosθ
(r(θi, ti) + di) · sinθ

0


 (8)

4.2 £o>ÌfC��
ä»n�(influence weight)

²DG�è&h� +þA�©����+þA�̀¦ 0AK�"f��H Û¼�]6/BG��� ?/ÂÒ\� �í�<Ê÷&��H

&ñ
&h�[þt(di < 0)\� @/
�#� &h�]X�ô�Ç ���+þA ��×�æu�(influence
weight)\�¦ [O�&ñ
K� ÅÒ#Q�� ô�Ç��. &ñ
&h� vi\� @/ô�Ç ���+þA ��×�æu�

wi��Hd��(9)̀�¦��6 x
�#� ½̈ô�Ç��.

wi = f(u), 0 ≤ u(=
r(θi, tt) + di

r(θi, ti)
) ≤ 1 (9)

#�l�"f f(u)��HÕªaË> 4ü<°ú s� B-splineÜ¼�Ðn�������)a/BG���s�
��.��6 x����H f(u)_� �̧&ñ
&h��̀¦z�́r�çß�Ü¼�Ð��ÀDKÜ¼�Ð+�,&ñ
&h�
vi\�ÂÒ#�|̈c���+þA��×�æu�\�¦ �̧]X�½+ÉÃºe����.ÕªaË> 5��HÛ¼�]6/BG
���\������ç̀
�)a?/ÂÒ_�&ñ
&h�[þt\�@/
�#����+þA��×�æu�\�¦&h�6 x

ô�Ç���õ�\�¦&ñ
&h�_�µ1ßl�\�¦��6 x
�#������·p��.���s	כ��õ�&h�Ü¼
�Ð Û¼�]6/BG���Ü¼�Ð ÂÒ'�_� ��o�\� ���� ÂÒ×¼�Qî�r ���+þA��×�æu�

��½+É{©��)a��.

ÕªaË> 5:²DG�è&h����+þA�©����+þA�̀¦0Aô�ÇÛ¼�]6õ����+þA��×�æu�

(a) (b)

(c) (d)

ÕªaË> 6: ²DG�è&h� ��×�æK��©��̧ +þA�©����+þA: (a) 1éß�>�\�"f
Û¼�]6/BG����̀¦���+þAô�Ç���õ�. (b) 3éß�>�\�"fÛ¼�]6/BG����̀¦���+þAô�Ç
���õ�. (c) 1éß�>�\�"fÛ¼�]6/BG����̀¦ ���+þAô�Ç ���õ�.(d) (b)�� (c)\�
&h�6 x�)a���õ�.

4.3 �±��¿�\���
ä»B�(�×�¿£o>ÌfC

��6 x����H 3	�"é¶Óüt�̂\�@/
�#����+þA�̀¦"é¶
���HÂÒì�r\� 3]X�\�
"f]jr�ô�Ç~½ÓZO�Ü¼�Ð �̧4Sqa�A�)aÛ¼�]6/BG����̀¦0Au�r������.Û¼�]6
/BG���_�0Au���&ñ
K�t���� 4.1]X�\�"f]jîß��)a]X�	�&h������ç̀
·ú�
�¦o�7£§�̀¦ :�xK� 3	�"é¶ Óüt�̂_� �̧��H &ñ
&h�[þt�Ér Û¼�]6/BG���_� éß�
���\������ç̀
�)a��.²DG�è&h����+þA�©����+þA�̀¦0AK�"f��HÛ¼�]6/BG���
_�?/ÂÒ\��í�<Ê�)a&ñ
&h�[þt\�@/
�#� 4.2]X�\�"f]jr�ô�Ç~½ÓZO�\�
����&h�]X�ô�Ç���+þA��×�æu���½+É{©�÷&#Q��ô�Ç��.ÕªaË> 5��H²DG�è
&h����+þA�©����+þA�̀¦0AK� �̧4Sqa�A�)aÛ¼�]6õ�&ñ
&h�[þt\�ÂÒ#��)a���

+þA��×�æu�\�¦�����·p��.��6 x����HÛ¼�]6/BG����̀¦ ½̈$í

���H$í
ì�r
[þt_���×�æK��©��̧ ³ð�&³ [7]�̀¦:�xK���éß�>�_�K��©��̧�ÐÓüt�̂_�
+þA�©��̀¦���+þA½+ÉÃºe����.ÕªaË> 6�Ér��×�æK��©��̧³ð�&³�̀¦:�xK��̧
4Sqa�A�)a Û¼�]6/BG����̀¦ s�6 x
�#� ²DG�è&h� +þA�©����+þA�̀¦ Ãº'��ô�Ç ���

õ�[þts���. ÕªaË> 6_� (a)��HÕªaË> 5_�Û¼�]6/BG����̀¦0A�Ð{©���ÂÒ
ì�r&h����+þA�©����+þA�̀¦Ãº'��ô�Ç���õ�s��¦, (b)��H (a)_����+þAÊê,Z�}
�ÉrK��©��̧\�"f�8²DG�è&h�������+þA�̀¦ô�Ç���õ�s���. (c)��H (b)_�
���+þA Êê,��r� (a)ü< °ú �Ér K��©��̧\�"f Û¼�]6/BG����̀¦ ��A��Ð {©�
��ÂÒì�r&h����+þA�©����+þA�̀¦ô�Ç���õ�s��¦, (d)��H (c)_����+þAÊê,K�
�©��̧ëß�Z�}������õ�s���. (d)\�"f �̂¦Ãºe��1pws� (b)_����+þA���õ�
�� (d)\�&h�6 x�)a�.����SX����½+ÉÃºe¦̀�	כ

5. (�×¡õð5�£� �\�ÌfC(�×£o>ÌfC

4�¤ú̧�ô�Ç 3	�"é¶ Óüt�̂_� y�� ÂÒì�r[þt�Ér >�8£x&h� ½̈�̧�Ð ì�r½+É |̈c



ÕªaË> 7: Teapot�̧4Sq_�>�8£x ½̈�̧ü<Û¼�]6/BG���

ÕªaË> 8:1lqwn�&h�Ü¼�Ð���+þA�)ay��ÂÒì�r_�+þA�©�

Ãº e����. ÕªaË> 7�Ér teapot�̧4Sq_� y�� ÂÒì�r\� @/ô�Ç >�8£x&h� ½̈
�̧ü<ì�r½+É�)aÂÒì�r�̀¦��H��
���HÛ¼�]6/BG���[þt�̀¦�����·p�.���s	כ
Teapot�̧4Sq_� body, handleÕªo��¦ spoutÂÒì�r[þt�̀¦��H��
���H
Û¼�]6/BG����Ér y�� y�� 9>h, 7>h, 5>h_� v� éß����[þt�̀¦ �Ðçß�
�#� Òqt
$í
÷&%3���. ��6 x����H teapot_� y�� ÂÒì�r�̀¦ ��H��
���H Û¼�]6/BG���
_�v�éß����[þt�̀¦���+þA
�#� teapot�̧4Sq_�+þA�©��̀¦���+þA½+ÉÃºe��
��.s��Qô�Ç+þA�©����+þA�Ér���%i�&h����+þAÜ¼�Ð 4]X�\�"fü<²ú�o� �̧
��H &ñ
&h�[þts� ���+þA ��×�æu� 1�̀¦ �������. ÕªaË> 8�Ér teapot_� y��
ÂÒì�r[þt�̀¦1lqwn�&h�Ü¼�Ð���+þAô�Ç���õ�[þts���.ÕªaË> 8\�"f �̂¦Ãº
e��1pws�y��ÂÒì�r_�+þA�©����+þA�Ér"f�Ð1lqwn�&h�s�l�M:ë�H\����Ér

ÂÒì�r_� +þA�©����+þA\� %ò
�¾Ó�̀¦ ÅÒt� 3lw
�>� ÷&#Q teapot_� 0A�©�
½̈�̧\�¦����â

�>��)a��.��6 x����Hs��Qô�Ç>�8£x&h� ½̈�̧�Ðì�r�Ö̧
�)a 3	�"é¶Óüt�̂\�¦���+þA
���HX<e��#Q"f,y��ÂÒì�r_�+þA�©����+þA�Ér
���ÉrÂÒì�rõ��©� ñ���6 x�̀¦:�xK�"fs�ÀÒ#Qt�l�\�¦����>��)a��.
s��Qô�Ç >�8£x&h� ½̈�̧\�¦ l�ìøÍÜ¼�Ðô�Ç �©� ñìøÍ6£x&h� +þA�©����+þA l�

ZO��̀¦0AK�"f��Hy��ÂÒì�r�̀¦��H��
���HÛ¼�]6/BG���[þt��s�\�0A�©�

½̈�̧\����Ér&h�]X�ô�Ç�������'a>������&ñ
÷&#Q��ô�Ç��.

5.1 N�¥� �\�â«ú×øכ��¢�>

�:r�7Hë�H\�"f]jr�ô�ÇÛ¼�]6/BG����Érv�éß����[þt�̀¦�Ðçß�
�#�ëß�[þt

#Qt�l�M:ë�H\�,y��Û¼�]6/BG���_�v�éß����[þt�̀¦�©�0A>�8£x_�Û¼�]6
/BG���\������ç̀

�#�Û¼�]6/BG���[þt��s�\�������½̈�̧\�¦×�¦Ãºe��

��.v�éß����_������ç̀
�Ér 4]X�\�"f]jr�ô�Ç&ñ
&h�_������ç̀
\�ÆÒ
��&h�Ü¼�Ð �©�0A>�8£x Û¼�]6/BG���_� éß����\� @/ô�Ç ~½Ó�¾Ó&ñ
�Ð�� �í

�<Ê÷&#Q��ô�Ç��.ÕªaË> 9\�"fKi\�¦
�0A>�8£x_�v�éß����[þt×�æ_�


������¦��&ñ

����, Ki��H 3	�"é¶/BNçß�\�"f0Au� piü<~½Ó�¾Ó�̀¦

ÕªaË> 9:v�éß����_�Û¼�]6�����ç̀


��I�?/��Héß�0A3$'�m��:r qi�Ð³ð�&³|̈cÃºe����. pi��H 4.1]X�\�"f
]jr�ô�Ç&ñ
&h�_������ç̀
~½ÓZO��̀¦:�xK��©�0A>�8£xÛ¼�]6/BG���\�@/


�#� pi = (θi, ti, di)�Ð³ð�&³ |̈cÃºe����. ¢̧ô�Ç Ki_��©�@/&h����

~½Ó�¾Ó�̀¦����?/��H q̂i��Hd��(10)̀�¦��6 x
�#� ½̈½+ÉÃºe����.

q̂i = q(ti)−1 · qi (10)

d��(10)\�"f q(ti)��Hd��(1)_�$í
ì�r R(ti)\�K�{©�
���Héß�0A3$'�
m��:r ³ð�&³s���. d��(10)õ� pi = (θi, ti, di)\�¦ ��6 x
�#�, Ki =
(θi, ti, di, q̂i)ü<°ú s��©�0A>�8£xÛ¼�]6/BG���_�éß����\�@/
�#��©�
@/&h�Ü¼�Ð³ð�&³½+ÉÃºe����.�©�0A>�8£x_�Û¼�]6/BG���s����+þA|̈c�â

Äº, 
�0A>�8£x_� v� éß���� Ki_� 0Au� piü< ~½Ó�¾Ó qi��H d��(11)̀�¦
s�6 x
�#� ½̈½+ÉÃºe����.

pi = C(ti) + R(ti) ·



(r(θi, ti) + di) · cosθ
(r(θi, ti) + di) · sinθ

0


 (11)

qi = q(ti) · q̂i

#�l�"f q(ti)��H R(ti)\�¦éß�0A3$'�m��:rÜ¼�Ð³ð�&³ô�Ç�
.���s	כ�
0A>�8£x\� K�{©�
���H Û¼�]6/BG����Ér d��(11)\�¦ :�xK�"f %3�#Q��� v�
éß����[þt�̀¦�Ðçß�
�#�Dh\�v>�Òqt$í
�)a��.

5.2 (�×¡õ¼ÇÐ£� £�·§� ø5�ÌfC(�×£o>ÌfC

Û¼�]6/BG���[þt_�>�8£x&h� ½̈�̧��HàÔo�(tree)_�+þAI��Ð³ð�&³|̈cÃº
e����.ÕªaË> 7�Ér teapot_�>�8£x½̈�̧\�¦àÔo�+þAI��Ð³ð�&³ô�Ç\Vs�
��. Teapot_� bodyÂÒì�r�̀¦��H��
���HÛ¼�]6/BG����ÉràÔo�_�ÀÒàÔ
�̧×¼(root node)�� ÷&�¦, ì�r½+É�)a y�� ÂÒì�r�̀¦ ��H��
���H Û¼�]6/BG
���[þt�Ér 
�0A�̧×¼[þt�Ð ³ð�&³�)a��.àÔo�_� ÀÒàÔ�̧×¼\�¦ ]jü@ô�Ç
�̧��H �̧×¼[þt�Ér 5.1\�"f]jr�ô�Ç~½ÓZO��̀¦:�xK��©�0A�̧×¼\������
ç̀
÷&#Q��ô�Ç��.
�0A�̧×¼���©�0A�̧×¼\������ç̀
 |̈cM:, 3	�"é¶
Óüt�̂_�0A�©�½̈�̧\� ����¿º��t�+þAI��Ð ½̈ì�r|̈cÃºe����.Õª
aË> 7_� handle�Ér�©�0A�̧×¼��� body\�@/
�#�ÀÒáÔ(loop)+þAI�_�
0A�©�½̈�̧�Ð������÷&#Qe���¦, spout��H��t�(branch)+þAI�_�0A�©�
½̈�̧�Ð������÷&#Qe����.ÀÒáÔ+þAI�_�0A�©�½̈�̧�Ð�������)a �̧×¼
���©�0A�̧×¼\������ç̀
 |̈c�â
Äº, �̧��Hv�éß����[þt�Ér 5.1\�"f]j
r�ô�Ç ~½ÓZO��̀¦ :�xK� �©�0A�̧×¼\� �����ç̀
 ÷&#Q��ëß� �©�0A�̧×¼ü<

_� 0A�©�½̈�̧\�¦ Ä»t�
����"f +þA�©����+þA�̀¦ ½+É Ãº e����. ìøÍ���\�
��t�+þAI�_� 0A�©�½̈�̧\�¦ ����� �̧×¼��H �©�0A�̧×¼\� @/
�#� 'Í	

���P:v�éß����ëß��̀¦�����ç̀

�����)a��.��t�+þAI�_�0A�©�½̈�̧\�¦
����� �̧×¼��HÀÒáÔ+þAI�_�0A�©�½̈�̧\�¦°ú���H �̧×¼ü<q��§½+ÉM:,



°ú �Ér >�8£x\� 5Åq
��8���̧ 0A�©�½̈�̧\�¦ Ä»t�
����"f �Ð�� ��Ä»

�Ðî�r +þA�©����+þA�̀¦ ½+É Ãº e����. 4�¤ú̧�ô�Ç 3	�"é¶ Óüt�̂_� �â
Äº �Ð
��4�¤ú̧�ô�Ç+þAI�_�àÔo�½̈�̧��+þA$í
÷&t�ëß�, �̧��H �̧×¼[þt�Ér0A
\�"f]jr�ô�Ç¿º��t�+þAI��Ð�©�0A�̧×¼ü<�����ç̀
 |̈cÃºe����.
s�ü<°ú s� 3	�"é¶Óüt�̂_�>�8£x½̈�̧\� ����y��ÂÒì�r�̀¦��H��
�
��HÛ¼�]6/BG���s�àÔo�_� �̧×¼�Ð³ð�&³÷&�¦&h�]X�ô�Ç�����ç̀
+þAI�

\�¦ °ú��¦ �©�0A�̧×¼\� �����ç̀
 ÷&���,y�� ÂÒì�r_� Û¼�]6/BG����Ér "f
�Ð �©� ñ���6 x�̀¦ 
� 9 +þA�©����+þA�̀¦ ½+É Ãº e����.Û¼�]6/BG���[þt ��
s�_��©� ñ���6 x�̀¦½©&ñ

���H½©gË:[þt�Ér��A�ü<°ú s¹כ����|̈cÃº

e����.

• ½©gË:(1): �&³F� ���+þA÷&��H �̧×¼_� 
�0A�̧×¼[þt�Ér �����ç̀

+þAI�\����� �̧¿º���+þA÷&#Q��ô�Ç��.(Forward Deforma-
tion)

• ½©gË:(2): �&³F� ���+þA÷&��H �̧×¼�� ÀÒáÔ+þAI��Ð �����ç̀
 �)a
�â
Äº,�©�0A�̧×¼_����+þA�̀¦:�xK��&³F��̧×¼_����+þA�̀¦ëß�[þt
#Q�·p��.(Backward Deformation )

• ½©gË:(3):½©gË:(1)õ�½©gË:(2)\�¦&h�6 x½+ÉM:,y�� �̧×¼��s�_�
�©�@/&h� �̂&h�q�Ö�¦�̀¦Ä»t�ô�Ç��.

½©gË:(1)õ� ½©gË:(2)��H Û¼�]6/BG���[þt ��s�\� �©� ñ���6 x\� e��#Q
"f {9��'a�)a 0A�©�½̈�̧\�¦ Ä»t�
�l� 0AK� ¹ô�Çכ��9 ½©gË:s���. ½©
gË:(1)�Ér àÔo�½̈�̧\�"f �&³F� �̧×¼_� 
�0A�̧×¼[þt�̀¦ ���Ò�o
����
"f y�� �̧×¼_� �����ç̀
 +þAI�\� ����"f y�� �̧×¼_� Û¼�]6/BG���_�

v� éß����[þt_� 0Au�ü< ~½Ó�¾Ó�̀¦ ���&ñ

�#�, s�\�¦ �Ðçß�
���H Dh�Ð
î�r Û¼�]6/BG����̀¦ Òqt$í

���� �)a��. ½©gË:(2)��H %i�~½Ó�¾Ó ���+þA�̀¦ 0A
ô�Ç ½©gË:Ü¼�Ð"f \V\�¦ [þt���, teapot�̧4Sq_� ÀÒáÔ+þAI��Ð �����
ç̀
 �)a handlè�¦ ���+þAr�~�́ �â
Äº,f��]X�&h�Ü¼�Ð handlè�¦ ���+þA
�
��H����¼×�Ér�©�0A�̧	כ bodyü<_�0A�©�½̈�̧\�¦����â
r������.����
"f handle_� �©�0A�̧×¼��� body_� +þA�©����+þA�̀¦ :�x
�#� "é¶
���H
handle_� ���+þA�̀¦ %3�>� �)a��. �:r �7Hë�H\�"f��H s��Qô�Ç %i�~½Ó�¾Ó
���+þA�̀¦ 0A
�#� target tracking~½ÓZO��̀¦ ��6 x
�#� ìøÍ4�¤&h�Ü¼�Ð
body_� +þA�©��̀¦ �̧�FKm�� ���+þA
�%i���. ½©gË: (3)�Ér ��6 x��_� _�
�̧\�¦ ìøÍ%ò

�#� �Ð�� l�0px&h�s��¦ ò́Ö�¦&h���� +þA�©����+þA�̀¦ 
�l�

0Aô�Ç ½©gË:s���. ½©gË:(3)�Ér �&³F� ���+þA÷&��H �̧×¼_� �̂&h� ����o
Ö�¦�̀¦ d��(3)̀�¦ :�xK� >�íß�
��¦, �̂&h� ����oÖ�¦\� �¦�9
�#� �©�0A
<�Ê�Ér
�0A�̧×¼_�3lq³ð�̂&h��̀¦���&ñ
ô�Ç��.Õªo��¦�©�0A<�Ê�Ér
�
0A�̧×¼_� �̧��Hv�éß����[þt_�ìøÍt�2£§�̀¦Ãºu�&h�~½ÓZO��̀¦:�xK����

&ñ

�#�,���õ�&h�Ü¼�Ð 3	�"é¶Óüt�̂_�y��ÂÒì�r�Ér�½Ó�©�{9�&ñ
ô�Ç �̂
&h�q�\�¦Ä»t�
� 9���+þA�̀¦ô�Ç��.½©gË:(3)�Ér��6 x�������×þ�&h�Ü¼
�Ðt�&ñ
½+ÉÃºe����H½©gË:Ü¼�Ð"fs��Qô�Ç½©gË:s�ü@\��̧���ª�ô�Ç

]jô�Ç�̧|	��̀¦ ÂÒ#�
�#� �Ð�� 4�¤ú̧�ô�Ç �©� ñ���6 x�̀¦ ÃºìøÍô�Ç +þA�©�

���+þA�̀¦��0px
�>�½+ÉÃºe����.

6. ��
��@Úr
ø�

ÕªaË> 10�Ér�:r�7Hë�H\�"f]jr�ô�Ç~½ÓZO��̀¦l�ìøÍÜ¼�Ð bunny�̧4Sq
_�+þA�©��̀¦���+þAô�Ç���õ�[þts���.ÕªaË> 10_� (a)��H���+þA��� bunny
�̧4Sqõ� )
 ÂÒì�r�̀¦ ��H��
���H Û¼�]6/BG����̀¦ ����?/�¦, (b)��H Û¼
�]6/BG���_� v� éß�����̀¦ �r���
�#� )
 ÂÒì�r_� +þA�©��̀¦ ÏãL�2³ ���õ�

s���. (c)��H Û¼�]6/BG���_� v� éß����_� ìøÍt�2£§�̀¦ �̧]X�ô�Ç ���õ�s�
�¦, (d)��H Û¼�]6/BG���_� v� éß����_� 0Au�\�¦ �̧]X�ô�Ç ���õ�s���.
ÕªaË> 11�Ér teapot�̧4Sq_� �©� ñìøÍ6£x&h���� +þA�©����+þA ���õ�\�¦ �Ð
#�ÅÒ�¦ e����. ÕªaË> 11_� (a)��H ���+þA��� teapot�̧4Sq�̀¦ ����?/

�¦, (b)��H bodyÂÒì�r_�Û¼�]6/BG����̀¦���+þA
�#�
�0A>�8£x��� han-
dleõ� spoutÂÒì�r_�+þA�©�s����+þA�)a���õ�s���. (c)��H handleÂÒì�r
�̀¦Ãºf��~½Ó�¾ÓÜ¼�Ð ú̧���{©�|�����õ��Ð"f½©gË:(2)\�_�K��©�0A>�
8£x��� bodyÛ¼�]6_� ���+þA�̀¦ Ä»�̧�<ÊÜ¼�Ð+� handleÂÒì�r_� "é¶
�
��H ���+þA�̀¦ %3�#Q�·p ���õ�s���. (d)��H ½©gË:(3)̀�¦ &h�6 x
�#� body
ÂÒì�rs� ���+þA|̈cM: 
�0A>�8£x��� handleõ� spoutÂÒì�r_� �̂&h�s�
�<Êa����÷¶���õ�\�¦�Ð#�ÅÒ�¦e����.

7. Úr
Òeµ

�:r �7Hë�H\�"f��H 4�¤ú̧�ô�Ç 3	�"é¶ Óüt�̂\� @/
�#� Û¼�]6/BG����̀¦ l�
ìøÍÜ¼�Ðô�ÇDh�Ðî�r+þA�©����+þAl�ZO��̀¦]jîß�
��¦,���ª�ô�Çz�́+«>���
õ�\�¦:�x
�#�]jîß��)al�ZO�_� ò́Ö�¦$í
�̀¦�Ð%i���.]X�	�&h� �̧4Sqa�A
l�ZO�_� �©�&h��̀¦ +þA�©����+þA l�Õüt\� &h�6 x
�#� ��6 x��\�>� �Ð��

¼#�o�
��¦f���'a&h�������+þAl�ZO��̀¦]j/BN
�%i��¦,l��>r_� FFD~½Ó
ZO�[þt\�"f �����½̈�̧_� ½̈�̧&h� ]j���Ü¼�Ð t�"é¶
�t� 3lw
�~�� >�

8£x&h� ½̈�̧\� l�ìøÍô�Ç �©� ñìøÍ6£x&h� +þA�©����+þA l�ZO��̀¦ ]jîß�
�%i�

��. Óüt�̂\�¦ >�8£x½̈�̧�Ð ì�r½+É
��¦, y�� ÂÒì�r�̀¦ ��H��
���H Û¼�]6
/BG���[þt�̀¦ >�8£x_� 0A�©�½̈�̧\� ���� &h�]X�ô�Ç +þAI��Ð �����ç̀
�<Ê

Ü¼�Ð+� �©� ñ���6 x�̀¦ ��0px
�>� 
�%i�Ü¼ 9,���õ�&h�Ü¼�Ð ��6 x��
_�_��̧��ìøÍ%ò
�)a�Ð����z�́&h�s��¦l�0px&h����+þA�©����+þA�̀¦��

0px
�>�
�%i���. ¢̧ô�Ç��6 x���Ð
�#��FK���×þ�&h�Ü¼�Ð½©gË:�̀¦"î

r�½+ÉÃºe���̧2�¤
�#����ª�ô�Ç+þAI�_��©� ñ���6 x_���0px$í
�̀¦]j

r�K�ÅÒ%3���.�:r�7Hë�H\�"f]jîß��)al�ZO��Ér 3	�"é¶Óüt�̂\�¦ �̧4Sq
a�A
��¦ ���+þA
���HX< e��#Q"f ú́§�Ér r�çß�õ� �̧§4��̀¦ W=�#Q ×�¦ Ãº

e����H ò́Ö�¦&h���� �̧½̈�Ð��6 x|̈cÃºe����.
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